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© Method and device for testing the Integrity of an electrode fn a potentlometrlc measuring electrode 
system. 



® A testing method and apparatus for testing the 
condition of electrodes <3,4) and their conductors in 
Ion sensitive measuring or controlling systems, in 
which the measuring circuit Is disrupted and re- 
placed by an Impedance measuring circuit contain- 
ing only one electrode, so that also failures of far 
instance reference electrodes, soiling and electrolyte 
loss can be ascertained, whereas sufficient accuracy 
is possible to detect faults coming gradually Into 
existence. 



< 

§ 



CL 
LU 




Xerox Copy Contra 



PACE 26/32 * RCVD AT 8/26/2004 6:13:31 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-1/1 * DN1S:8729306 * CSID:212 986 3461 * DURATION (mm-ss):17-18 



Rug 2G 04 05:31p 



Fr iedr i ch Kueffner 



212-986-34G1 



p. 27 



0 241 601 



Method and device for testing tfia integrity of an etejrtrode In a potenttometrio measuring electrode 

system. 



The invention relates to a method and device 
for testing the Integrity of en electrode of an elec- 
trode system for measuring an ion concentration or 
a redox potential In a solution in which In a circuit 
containing said electrode a two-directional electrical 
quantity Is Injected by. means of which the imped- 
ance of said electrode is determined. 

Such a method and device are known from US- 
A-4.189,367. 

According to this patent specification the elec- 
trode system contains a high resistance Ion selec- 
tive membrane and a 'reference electrode. The 
impedance of an Ion selective membrane Is consid- 
erably greater than that of a reference electrode, 
for instance a factor 10 greater than the combined 
impedance of the reference electrode and the solu- 
tion being measured. In practice the impedance of 
a reference electrode is often about to -3 -1CT 5 
smaller than that of a high resistance ion selective 
electrode such as a glass electrode. 

Further US-A-3.6S1 ,74fi shows a method and 
device for testing the integrity of electrodes. Apart 
from electrodes for measuring concentrations of a 
gas such as O a or CO* which electrodes need a 
driving voltage and are not considered in this in- 
vention, this U.S. patent specification describes a 
testing circuit for a series connection of a potsn- 
tiometric electrode, such as a pH electrode and a 
reference electrode. In this circuit an A.C. voltage 
is injected in the said series connection and phase- 
sensitively measuring the A.C, current passing 
through said circuit The A-C. voltage is applied to 
the system via an auxiliary electrode in contact 
with the liquid monitored by said Ion sensitive 
electrode. 

In both U.S. patent specifications the measur- 
ing circuit is maintained in tact during the testing 
period. 

The result hereof is, that no individual test of 
the ion sensitive electrode and the reference elec- 
trode is possible and that test values of each of 
them may be relatively inaccurate, whereas several 
types of failures may escape discovery, as may be 
clear from the following. 

Apart from high resistance membrane elec- 
trodes! such as glass electrodes, low Impedance 
potentiometric electrodes exist, such as redox elec- 
trodes, which are selectively sensitive to e.g. Na, K 
or other ions. 

When testing an electrode system many types 
of electrode failures may occur. 

Apart from a short circuit originating from for 
instance a crack in a glass electrode, mis-readings 
may be due to many other causes: 



a) The connection with an electrode may be 
Interrupted. In that Instance Its reading is highly 
constant, but may be in the region of normal read- 
ings. 

5 b) The electrode may be soiled by a deposit, 

so that its impedance increases and its sensitivity 
decreases, causing mis-readings. 

c) The reference electrode may fail, due to , 
toss of electrolyte, in that instance its impedance 

to will increase and its output may float so that the 
value Indicated by the electrode system is false, 
but remains within the region of possible readings. 

d) The reference electrode is poisoned. For 
Instance in case of a reference electrode of the 

is type metal-metal halide electrolyte this may lead to 
a very strong Increase of impedance, even isolation 
of the electrode from the electrolyte, which causes 
mis-readings. 

e) The membrane of the reference electrode 
20 between its electrolyte and the liquid being mon- 
itored may clog, leading to a high impedance of 
the reference electrode, which can even be put out 
of action. 

in practice failure of the reference electrode is 
25 a greater danger than that of for Instance a glass 
electrode. 

Further it is for a highly reliable method and 
device desired to be able to indicate not only the 
break-down gf a high impedance, but also other 

30 types of failure. 

Accordingly it is a first object of the invention 
to provide Such a highly reliable monitoring method 
and system. 

More specifically it is an object of the invention 

35 to provide a monitoring method and device, which 
are able to detect failure of each of the different 
electrodes of an electrode system for measuring an 
ion concentration or a redox potential. 

Still a further object Is to provide a method and 

40 device which allows detection of as well too high as 
too low impedances. 

Accordingly the invention provides in its broad- 
est aspect a method as indicated above, which is 
characterized in that the measuring circuit Is re- 

45 placed by rest circuits each containing only on© of 
said electrodes of the system and a auxiliary elec- 
trode, which test circuits each contain at least one 
Impedance adapted to the impedance value of the 
said one electrode of the system. 

so Because with the invention the measuring cir- 

cuit is not used during the test periods the injected 
two-directional electrical quantity cannot disturb the 
measurement, so that a higher accuracy Is ob- 
tained - 
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In several electrode systems for measuring an 
Ion concentration in a solution a potential equaliza- 
tion electrode is present Such an electrode serves 
the purpose to clamp the electrical potential of the 
liquid to bo measured at a predetermined voltage 
level, for instance to prevent that the measuring 
electronics or instruments receive voltages outside 
their working region. 

Such an electrode may be of an inoxydabie 
metal, such as stainless steel. For normal measure- 
ments it cannot replace the so-called reference 
electrode, which preferably contains a metal, a 
halide of that metal and a halide electrolyte. For the 
purposes of the Invention the potential equalisation 
electrode is, however, quit© suitable, because any 
d.c. voltage component does not play any part 
when carrying out the method of the invention. 
Accordingly a preferred embodiment of the In- 
' ventton provides that the auxiliary electrode is the 
potential equalization electrode. 

In the known system according to US-A- 
4.18S,367 the electrical quantity to be injected in 
the system is a current This may result In difficul- 
ties in case of a circuit Interruption. Accordingly H 
is preferred to provide that the two-directional elec- 
trical quantity Is a square wave or block voltage. 

A block voltage has the advantage that a very 
stable level is present for sampling. When sam- 
pling in the second hall of the duration of one of 
the voltage levols, the sample value will be prac- 
tically stabile. 

With the known method of US-A-4,1 89,367 the 
temperature of the liquid is measured and the 
value of tho electric current to be supplied to the 
electrode system is determined on base of said 
measured temperature. Such a temperature com- 
pensation is appiied in the known system, because 
the impedance of a glass membrane Is strongly 
dependent on the temperature and In fact doubles 
for a temperature increase of about 10* C. 

When applying the Invention an analogues 
temperature compensation can be applied by vary- 
ing the applied voltage or the circuit for measuring 
the current flowing as a result of this voltage, a 
further possibility being to measure the impedance 
of a monitored electrode and to compare the im- 
pedance with a value calculated on base of the 
liquid temperature. 

The invention also encompasses a device for 
testing the integrity of an electrode in an electrode 
system for measuring an Ion concentration or a 
redox potential in a solution provided with terminals 
connected to a measuring electrode, a reference 
electrode and an auxiliary electrode, provided with 
means for generating an electrical test quantity for 
feeding it to at least one of said terminals, which is 
characterized by switching means for forming a 
test circuit connected to the terminal of the auxil- 



iary electrode and the terminal of a selected elec- 
trode of the measuring electrode system, contain* 
ing first switching means for connecting the said 
• means for generating the electrical test quantity to 

6 one of said terminals, second switching means for 
connecting a balance impedance to the terminal of 
the said one electrode of the measuring electrode 
system or that of the auxiliary electrodo and third 
switching means for connecting the terminal of the 

70 selected electrode to an output device. 

Such a device Is very suitable for successively 
testing the electrodes of an ton sensitive electrode 
system. A further advantage of such a device is, 
that It is possible to switch In a measuring circuit 

16 adapted for the monitored Impedance. In a prac- 
tical case a glass membrane is compared with a 
resistance which Is considerably greater, for in- 
stance 5 times greater than a resistance to be used 
lor comparing with a reference electrode. 

20 In the following the invention Is further elu- 
cidated on hand of an example of a schematics! 
electronical circuit shown in the single figure of the 
drawing. 

In the drawing reference 1 indicates a vessel 
as containing a liquid 2. of which an Ion concentration, 
for Instance the HHon concentration pH or the 
sodium Ion concentration pNa should be measured. 
This Is done with a well known ion sensitive elec- 
trode system having a reference electrode 3 and 
so an ion sensitive high impedance glass electrodB 4. 

A potential equalization electrode 5 is also im- 
merged In the liquid 2. 

The electrodes 3, 4 and 5 are connected to 
terminals 6, 7 and 8 respectively, which are the 
as inputs of a measuring and testing system of the 
invention. 

During normal ion concentration measurements 
switch 9 is opened and switch 10 closed. Con- 
sequently a comparing resistor 11, having a value 

40 of for instance 10 MOhm is out of circuit and a 
fiiter formed by a resistor 12 and a capacitor 13. is 
active to remove disturbances pfcked up in the 
lead between the electrode 4 and the terminal 8. 
The smoothed voltage of terminal 8 Is ted to the 

46 positive input 14 of an operational amplifier 15, the 
Input 16 of which is connected to its output 17. The 
operational amplifier serves as an impedance 
match and its output voltage corresponds directly 
to the voltage of input 14. 

so In a corresponding way terminal 6 is connected 
to the positive input 18 of an operational amplifier 
10, switch 20 being open, so that a comparing 
resistor 21 of for instance 2 MOhm is out of circuit, 
whereas a disturbance diverting filter 22, 23 is 

56 active, because switch 24 is closed. 
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The output 25 of an operational amplifier 19 Is 
connected to the positive input of an operational 
amplifier 26, the negative input of which Is con- 
nected to the output 17 of operational amplifier 15. 
The output of operational amplifier £0 is used as a 
measurement of the ion concentration. 

Terminal 7 of potential equalization electrode 5 
is connected to earth by a relatively small resistor 
27 of for instance 10 kOhm. Switch 28 is open. 

Whan testing any of the electrodes 3 or 4 the 
switch 28 is closed and a low impedance symmet- 
rical block voltage generator 29 dertvering a block 
voltage of for instance 1 Volt and for instance 40 
Hz is connected to electrode 5 via terminal 7. 

When testing electrode 4 switch 9 Is closed* so 
that in the circuit earth, electrode 5, liquid 2. elec- 
trode 4 resistor 11, earth the ax. voltage of Input 
14 of operational amplifier IS mafnly depends on 
the impedance value of electrode 4 and the liquid 
2. 

An extremely high impedance points to a dis- 
ruptive of a connection or no liquid 2 between the 
electrodes 4 and 5. An Impedance which Is higher 
than may be expected, but not as high as results 
from a disrupture, points to soiling of at least one 
of the electrodes 4 and 5 or an extremely low 
conductivity of the liquid 2. A low impedance points 
to a break down of electrode 4. 

The output of operational amplifier 15 is fed to 
a capacitor 31 of for Instance 2 uF through a 
switch 30, which is closed when testing electrode 
4. 

Capacitor 31 is connected to earth via a resis- 
tor 32 of for instance 10 kOhm. 

A sampler switch 33 Is adapted to close during 
a short period of the duration of one of the levels of 
the block voltage, so that samples of this level are 
fed to a sample holding capacitor 34, connected to 
the positive Input of an output operational amplifier 
35. The voltage on the output of operational am- 
plifier 35 is a measure for the impedance of elec- 
trode 4 and the liquid 2, independent on any failure 
of reference electrode 3. Further this Impedance 
can be measured even in foe region of very high 
impedances pointing to a rupture of leads. 

Further the filter circuit 12, 13 is disrupted, 
because of opening switch 10, so that It does not 
influence the measurement 

When testing electrode 4 switch 20 Is open In 
order to prevent a shunt circuit via relatively small 
resistor 21 to earth. Switch 24 may be dosed, 
whereas switch 36 Is open to prevent Interference 
from electrode 3. 

f*br testing reference electrode 3 switch 20 is 
closed and switch 24 is opened. Consequently the 
filter circuit 22 T 23 is put out of action and resistor 
21 is connected in series with the impedance of 



electrodes 5 and 3 and the liquid 2 connecting 
them. At the same time resistor 11 Is switched off 
by opening switch 9 and filter circuit 12, 13 ac- 
tivated by closing switch 1Q. 

3 Switch 28 for supplying the block voltage is 

still closed, but the connection to the blocking 
capacitor 31 is through switch 36, whereas switch 
30 is opened. 

In the circuit eartch, electrode 5, liquid 2, refer- 

70 once electrode 3, resistor 21, earth the impedance 
of the reference electrode 3 is compared to that of 
resistor 21 . 

A high impedance value may be an indication 
of a lead rupture, soiling of the outer membrane, 

rs loss of electrolyte or poisoning. 

A low Impedance may point to some type of 
Short cfrcuit 

When testing electrodes 3 or 4 the output Of 
operational amplifier 28 has no relevancy whafs 

20 however with any quantity to be measured and 
should be neglected. 

Auxiliary electrode 5 is of a type that has little 
chance to break down, it is, however, possible that 
it is covered by an insulating deposit In that Irv 

23 stance, firstly an Increase of the impedance mea- 
surement of electrode 3 will show up, which itself 
probably will have some additional resistance due 
to an own deposit 

Because of the normally high resistance value 

so of electrode 4 such a failure would be less dear In 
case only the impedance of that electrode would 
have been measured. Moreover a synchronous im- 
pedance increase of electrodes 4 and 3 could be 
an indication , that something is wrong. 

33 With the invention monitoring of the tempera- 

ture may be combined with adaption of the am- 
plitude of the block voltage from generator 29. 
adaption of resistor 1 1 or simply varying the region 
in which the impedance value has to be. Also ft Is 

40 possible to use the invention with other electrodes, 
such as metal electrodes for redox measurements. 
Such electrodes have a low impedance value, but 
in case of soiling, poisoning or rupture of connec- 
tions may show high impedances, always indicat- 
es ing any type of failure. 

Though unnecessary further switching means 
may be provided to switch off any electrode not 
included in any test circuit at the moment of test 
In order to synchronize block voltage generator 

go 29 with the sampling switch 33 a block voltage 
generator may provide a block voltage having ten 
fames the frequency of generator 23. The generator 
37 feeds a counter 38, which sends the first five 
out of each ten pulses toward 29 and the ninth and 

6s the tenth to switch 33. 
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Claims 

1. Method for testing the Integrity of an elec- 
trode {3,4) of an electrode system containing a 
reference electrode (3) and an ion concentration or s 
redox potential measuring electrode (4) and a mea- 
suring circuit for measuring a d»c, quantity depend- 
ing on said ion concentration or said redox poten- 
tial, said method containing the steps of injecting a 
two-directional electrical quantity and measuring to 
the response to said Injection, characterized in that 
the measuring circuit Is replaced by test circuits 
each containing only one of said electrodes of the 
system and an auxiliary electrode, which test cir- 
cuits each contain at least one impedance adapted 15 
to the impedance value of the said one electrode of 
the system. 

2. Method according to daim 1 in a system In 
which apart from the concentration measuring etec- 
trade system (3,4) a potential equalization elec- 20 
trode (5) is present, characterized in that the auxif- 
tary electrode is the potential equalization elec- 
trode. 

3. Method according to claim t or 2, character- 
ized in that the two directional electrical quantity is 2s 
a square wave voltage. 

4. Method according to claim 3, characterized 
in that the auxiliary electrode (5) and one of the 
system electrodes (3 or 4) receives the btock- 
voltage and that said one electrode (3 or 4) Is w 
connected in a voltage divider circuit (5,2,3,20,21 
or 5,2,4,9,11) containing said impedance (21,11), 
the output of said divider circuit being fed to a 
blocking capacitor (31), the output of which pro- 
vides a signal related to the impedance of the 3S 
electrode to be tested. 

5. Method according to claim 4, characterized 
in that the said signal is subjected to a sampling 
and holding process, which Is synchronous with the 
block-voltage, said sampling occurring in the sec- 40 
ond half of the duration of one of the levels of the 
block-voltage. 

6. Method according to any of the preceding 
claims, characterized in that a plurality of test cir- 
cuits (29,5,4,9,11; 29,5,3,20,21) is formed the one 45 
after the another, each containing the auxiliary 
electrode (5) and one system electrode (4,3) under 
test. 

7. Device for testing the integrity of an elec- 
trode in an electrode system for measuring an Ion so 
concentration or a redox potential In a solution (2), 
provided with terminals (8,6,7) connected to a mea- 
suring electrode (4), a reference electrode (3) and 
an auxiliary electrode (5), provided with means 
(29) for generating an electrical test quantity for 66 
feeding It to at least one of said terminals (7), 
characterized by switching means (9,30; 20,36) for 
forming a tBSt circuit connected to the terminal (7) 
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of the auxiliary electrode (5) and the terminal (8,6) 
of a selected electrode (4,3) of the measuring elec- 
trode system (4,3), containing first switching means 
(28) for connecting the said means (29) for gen- 
erating the electrical test quantity to one of said 
terminals (7), second switching means (9,20) for 
connecting a balance impedance (11,21) to the 
terminal (8,6) of the said one electrode (4.3) of the 
measuring electrode system or that of the auxiliary 
electrode (5) and third switching means (30,36) for 
connecting the terminal of the selected electrode tp 
an output device (31,32,33,34,45). 

8. Device according to claim 7, characterized in 
that said means (29) for generating an electrical 
te3t quantity are adapted to generate a block volt- 
age having equal positive and negative levels. 

9. Device according to claim 8, characterized in 
that the output device contains a blocking capacitor 
(31) and a sampling and holding circuit (33,34) 
sampling occurring In the second half of the dura- 
tion of occurrence of one of the said levels. 
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